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Abstract

Purpose—Meibomian gland dysfunction (MGD) is a common clinical problem that is often
associated with evaporative dry eye disease. Alterations of the lipids of the meibomian glands
have been identified in several studies of MGD. This prospective, observational, open label
clinical trial documents the improvement in both clinical signs and symptoms of disease as well as
spectroscopic characteristics of the meibomian gland lipids after therapy with topical azithromycin
ophthalmic solution and oral doxycycline treatment.

Methods—Subjects with symptomatic MGD were recruited. Signs of MGD were evaluated with
a slit lamp. Symptoms of MGD were measured by the response of subjects to a questionnaire.
Meibum lipid-lipid interaction strength, conformation and phase transition parameters, and
meibum protein content were measured using Fourier transform infrared spectroscopy (FTIR) and
principal component analysis (PCA). Terpenoids, short chain CH3 moieties, lipid oxidation, wax,
cholesterylesters and glycerides were measured with a proton nuclear magnetic resonance (*H-
NMR) spectrometer.

Results—Topical therapy with azithromycin and oral therapy with doxycycline relieved signs
and symptoms and restored the lipid properties of the meibomian gland secretion towards normal.
Compared to 4 weeks of azithromycin treatment reported in our previous study, oral doxycycline
treatment was slightly less effective in improving foreign body sensation and the signs of plugging
and secretion. In subjects with clinical evidence of MGD, changes in ordering of the lipids and
phase transition temperature were brought closer to normal with azithromycin treatment than
doxycycline treatment. Treatment with doxycycline but not azithromycin restored the FTIR PCA
scores and relative area of the 'H-NMR resonance at 1.26 ppm. Both doxycycline and
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azithromycin treatment restored the levels of the relative areas of the TH-NMR resonances at 5.2
and 7.9 ppm to normal levels. The level of meibum protein and meibum lipid oxidation were not
influenced by azithromycin or doxycycline treatment.

Conclusions—The mechanism of action of doxycycline may be different than that of
azithromycin in therapy of MGD. It is notable that when carotenoids in meibum are low, as in
MGD, the tear film is unstable and patients have the sighs and symptoms of dry eye. When
carotenoids are restored with azithromycin and doxycycline treatment, tear film stability is
restored and patients no longer have the signs and symptoms of dry eye.
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INTRODUCTION

Meibomian gland dysfunction (MGD) is a common clinical problem responsible for
symptoms and signs of eyelid irritation and is frequently a cause of evaporative dry eye.12
Spectroscopic3-14 and other approachs'>-20 have been used to characterize alterations of the
lipids of the meibomian glands with advancing age and disease.2:2! The identified changes
in the lipids help to explain some of the abnormalities of tear film function in evaporative
dry eye.22-24

Conventional therapy of MGD includes mechanical options of lid massage and lid
expression as well as medicinal therapy of systemic tetracycline and doxycycline.2® Oral
azithromycin therapy improved the signs and symptoms associated with dry eye.2% The use
of azithromycin in DuraSite for the treatment of blepharitis has recently been reviewed.2
Clinical trials have identified topical azithromycin as a potentially effective and well
tolerated therapy of lid margin disease and meibomian gland dysfunction.28:29 Azithromycin
is antiinflammatory3%:31 inhibiting proinflammatory cytokines, and is a potent against gram-
negative microorgansims.32:33 It is believed to penetrate into the ocular surface where it
remains at therapeutic levels days after the therapy has stopped.34

Doxycycline is antimicrobial and inhibits matrix metalloproteinases that degrade connective
tissue.3® It has been used to treat ocular rosacea, improving irritation symptoms and
increasing tear film stability.36-38 It has also been used to treat corneal erosions.3%-41

We have recently found that azithromycin in DuraSite abrogated the signs and symptoms of
dry eye in patients with MGD and restored some of the biophysical characteristics of the
meibum.#2 In this pilot study we further characterized human meibum before and after
treatment with topical azithromycin/DuraSite and oral administration of doxycycline. The
meibum was characterized using Fourier transform infrared (FTIR) spectroscopy and proton
nuclear magnetic resonance (*H-NMR) spectroscopy. Infrared spectra were analyzed using
principal component analysis (PCA). The prospective, observational, open-label clinical trial
described in this report compared both the clinical signs and symptoms of meibomian gland
dysfunction as well as the spectroscopically analyzed alterations in lipid behavior of the
meibomian gland secretion in a group of subjects with symptomatic MGD unresponsive to
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lid massage and hygiene before and after therapy with topical azithromycin ophthalmic
solution and oral administration of doxycycline.

MATERIALS AND METHODS

Subjects

Materials

Twenty two subjects for the azithromycin study and 9 subjects for the doxycycline study
were diagnosed with symptomatic MGD that was unresponsive to lid massage following
application of a hot compress to the eyelid and were recruited to the clinical trial. Written
informed consent was obtained from all donors. All protocols and procedures were reviewed
by the Institutional Review Boards of the University of Louisville and the Louisville
Veterans Administration Hospital and procedures were in accord with the Declaration of
Helsinki. Subject demographics are summarized in Table I. Subject inclusion criteria were
the presence of symptomatic MGD in subjects between ages 18 and 90 years of age who
were not taking systemic nor topical antibiotics nor using topical anti-inflammatory
medications. Exclusion criteria were the history of allergy to azithromycin, altered lid
anatomy (with the exception of meibomian gland dysfunction), or inability to comprehend
the informed consent or complete the requested therapy and follow-up. All subjects
underwent a complete examination of the eyelids and anterior segment of the eye including
measurement of intraocular pressure prior to entry into the study. The same grading scale
for evaluation of symptoms and signs was used in each study to assure comparability of
severity and outcome. Symptoms were measured on a four point categorical scale of none,
mild, moderate, or severe according to the subject’s response to questions regarding itching,
burning, foreign body sensation, eyelid redness, and eyelid swelling (Table I). Signs were
evaluated with slit lamp- observed conjunctival injection, fluorescein tear breakup time,
ocular surface staining with fluorescein, and evaluation of the eyelid margin and character of
meibomian gland orifices and secretion (Table 111). Some signs were graded on a four point
categorical scale as summarized in Table I11. The sign, tear breakup time, was measured in
seconds following a complete blink after instillation of 5 pl of topical 1% fluorescein
solution.

Silver chloride windows for infrared spectroscopy were obtained from Crystran Limited,
Poole, United Kingdom. All chemicals were purchased from Sigma-Aldrich Chemical Co.,
St. Louis MO. Azithromycin was obtained from Inspire Pharmaceuticals, Inc., Raleigh NC,
now part of Merck and Co. Inc., Whitehouse Station, NJ. Doxycycline hyclate 100 mg
tablets were purchased from IVAX Corporation, Miami, FL.

Collection of Tear Lipids

Meibum lipid (ML) was obtained from thirty-one subjects as described in Kilp et al.,
1986,%3 except that meibomian gland excreta were collected with a platinum spatula. Lid
expression was performed with cotton tipped applicators following instillation of topical
proparacaine. All four eyelids were expressed and about 1 mg of meibum was collected per
individual for direct spectroscopic study. The expressate was collected with a platinum
spatula and immediately spread onto the AgCl window and into 0.5 mL of tetrahydrofuran/
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methanol, 3:1, v:v (THF/MeOH) in a 9-mm micro vial with a Teflon cap (Microliter
Analytical Supplies Ind., Suwanee, Georgia). All samples were frozen under argon gas until
analysis. Analyses were performed within three weeks of collection of the sample. Storage
of the sample on AgCI windows for over two months under argon did not affect the
sample.23 Prior to NMR analysis, the THF/MeOH in the micro vial containing ML rinsed
from the spatula was evaporated with a stream of argon gas. Sampling of the expressed
meibum was done at 0, 2 and 4 weeks of azithromycin therapy, and 0, 4 and 8 weeks after
oral doxycycline therapy, and 1 month following cessation of therapy. Subjects were
instructed not to instill medication for at least eight hours prior to collection of lipid
secretions.

Fourier Transform Infrared Spectroscopy

Infrared spectra were measured using a Nicolet 5000 Magna Series Fourier transform
infrared spectrometer (Thermo Fisher Scientific, Inc., Waltham MA). The ML was placed
on the AgCl window and placed in a temperature-controlled infrared cell holder. The cell
was jacketed by an insulated water coil connected to a Neslab R-134A (NESLAB
Instruments, Newton NH) circulating water bath. The sample temperature was measured and
controlled by a thermistor touching the sample cell window. The water bath unit was
programmed to measure the temperature at the thermistor and to adjust the bath temperature
so the sample temperature was adjusted to the desired set point. The rate of heating or
cooling (1°C/15 min) at the sample was also adjusted by the water bath unit. Temperatures
were maintained within + 0.01°C. One-hundred and fifty interferograms were recorded and
averaged. Spectral resolution was set to 1.0 cm™1.

Infrared data analysis was performed with GRAMS/386 software (Galactic Industries,
Salem, NH). The frequency of the CH, band near 2850 cm™1 was used to estimate the
content of trans and gauche rotomers in the hydrocarbon chains. The v;ym was calculated by
first baseline leveling the OH-CH stretching region near 3,500 and 2,700 cm™1. The center
of mass of the CH, symmetric stretching band was calculated by integrating the top 10 % of
the intensity of the band. The baseline for integrating the top 10% of the intensity of the
band was parallel to the OH-CH region baseline.

Lipid CH, groups in the hydrocarbon chains are present as gauche rotomers, prevalent in
disordered hydrocarbon chains, or trans rotomers, more abundant in ordered hydrocarbon
chains. Thus, lipid hydrocarbon chain order may be evaluated in terms of the amount of CH,
trans rotomers.#2:°2 The frequency of the CH, symmetric stretch, v;ym, is dependent on the
amount of trans or gauche rotomers2 and has been used to characterize lipid phase
transitions35-9-1444-51 to measure the trans rotomer content of lipid hydrocarbon chains
with changes in temperature.3:>9:14.44-46.52 Sjnce rotomers are either trans or gauche, phase
transitions can be described by a two-state sigmoidal equation, as reported by Borchman et
al.3 Lipid order at 33.4°C was calculated by extrapolating the v;ym at 33.4°C from the fit of
the phase transition and then converting vy, to the % of trans rotomers, a measure of lipid
conformational order (see Borchman et al.3). The % trans rotomer data were used to
calculate the phase transition enthalpy and entropy from the slopes of Arrhenius plots as
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described previously.3 Arrhenius plots from tear-lipid phase transitions were linear with
correlation coefficients greater than 0.998.

Principal component analysis

Principal component and infrared data analysis were performed with GRAMS/386 software
(Galactic Industries, Salem, NH). PCA analyzes the variations among spectra called a
training set.”:8:13 PCA finds the variations that appear to be synchronized proportionally and
extracts them to produce eigenvectors that often look like infrared spectra. Eigenvectors also
called loading spectra or factors represent a component that changes in concentration from
sample to sample. The training sets may be eventually used to model how the eigenvectors
relate to a component such as age or disease. A training set of infrared spectra of meibum
from donors with MGD (Md) and meibum from normal donors (Mn) were used as reported.8
For each spectrum, two constituents were used, age and ‘meibomian gland dysfunction /
normal score’. The training set was set up by assigning Mn spectra a ‘meibomian gland
dysfunction /normal score’ of 0 and Md spectra a ‘meibomian gland dysfunction /normal
score’ of 100. The training set encompassed the CH and OH stretching region from 3612 to
2490 cm~1 and the fingerprint region from 1814 to 676 cm~2. The total number of spectra
used in the training set was 73, 41 corresponding to Md and 32 to Mn.

Processing samples for NMR analysis

After infrared analysis and solvent evaporation, ML was removed from the AgCIl window
using a series of solvents with different hydrophobicities to ensure that all lipid classes were
extracted from the AgCl window. First, the AgCl window was placed with the ML side
down,into a 15-mL glass scintillation vial containing 1 mL of hexane and purged with argon
gas. A glass vial rather than a plastic one was used in all protocols to avoid plasticizer
contamination. The vial was sonicated in an ultrasonic bath (Branson 1510, Branson
Ultrasonics, Danbury, CT) for 10 min. The hexane was decanted into the micro-vial
containing the ML rinsed from the spatula. The hexane was evaporated under a stream of
nitrogen gas. Methanol (1.5 mL) was then added to the scintillation vial containing the AgCl
window and purged with argon gas. The vial was sonicated in an ultrasonic bath (Branson
Ultrasonics, Danbury, CT) for 10 min. The methanol was decanted into the micro-vial
containing the ML rinsed from the spatula and was evaporated under a stream of nitrogen
gas. THF/MeOH (1.5 mL) was added to the scintillation vial containing the AgCl window
and purged with argon gas. The vial was sonicated in an ultrasonic bath (Branson
Ultrasonics, Danbury, CT) for 10 min. The micro vial containing the extracted meibum lipid
was lyophilized for 12 hours to remove trace amounts of organic solvents. Finally,
deuterated cyclohexane (0.5 mL) was added to the sample and sonicated (Branson
Ultrasonics, Danbury, CT) for 10 minutes in a bath sonicator. The solution was transferred
to glass NMR tubes (Sigma Chemical Co, St Louis MO) and NMR spectra were collected.

NMR Spectral Measurement

Spectral data were acquired (Inova-500 spectrometer; Varian, Lexington, MA). The
following parameters were used: eight hundred scans were acquired with a spectral width of
15 ppm, 60° pulse, 4-K data points, 1.0-second delay time, and 2.049-second acquisition
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time at 25°C. A computer running commercial software (GRAMS 386; Galactic Industries
Corp., Salem, NH) was used for phasing and integrating.

Treatment protocol

Statistics

RESULTS

Clinical

Azithromycin—Subjects were provided 1% topical azithromycin ophthalmic solution
(Azasite!™, Inspire Pharmaceuticals, Inc, Raleigh, NC) with instructions to use one drop
twice daily for two days then once daily for the four week duration of the treatment phase of
the study. Subjects were instructed not to instill medication the morning of examinations.

Doxycycline—Oral doxycycline hyclate (100 mg) was taken twice a day for two months
of therapy.

Data are presented as the average + the standard error of the mean. Statistical significance
was determined using Student’s t-test. Values of p < 0.05 were considered statistically
significant.

Our clinical results for the azithromycin study have been reported.#2 All nine of the subjects
enrolled in the doxycycline study completed eight weeks of therapy. Subject-reported global
response to therapy demonstrated observable improvement at four weeks but greater
response at eight weeks of therapy as depicted in Table IV. All subjects described relief or
absence of symptoms at four weeks of therapy.

Symptom improvement, as measured by mean score of severity, decreased for itching and
swelling by a statistically significant amount (p < 0.05) at eight weeks of treatment. After
eight weeks of treatment as shown in Figure 1A, all of the subjects reported no burning
symptoms. The reason that the results are not statistically significant in Figure 1 is that only
three of eight subjects reported burning at the start of the study.

All signs of eyelid margin disease improved at four weeks with # plugged, redness and
swelling being statistically significant (p < 0.05) (Figure 1B). Improvement in tear breakup
time was highly statistically significant at eight weeks of therapy (p < 0.001) (Figure 2).

Infrared Spectroscopic analysis of meibum

Meibum phase transition parameters were measured using FTIR and are summarized in
Table V. The phase transition temperature and lipid order at 33.4°C MLwere significantly
different for Md compared with Mn as reported (p < 0.01, Fig. 3A).42 The phase transition
temperature and degree of lipid ordering from the enrolled subjects were comparable to data
from a larger group of subjects with MGD obtained in a separate study (Fig. 3).42 No
significant differences were detected in any of the phase transition parameters of subjects
treated with doxycycline (Table V, Fig. 3).
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The phase transition parameters measured above utilize only 0.1% of the spectra of human
meibum. Principal Component analysis was used to analyze the remaining regions
encompassing the CH and OH stretching region from 3612 to 2490 cm~1 and the fingerprint
region from 1814 to 676 cm™1. Based on a training set of 77 infrared spectra from Md and
Mn,8 scores were assigned to the spectra. A score higher than 59 indicates that the infrared
spectra is similar to the spectra of Md. A score lower than 59 indicates that the infrared
spectra are similar to the spectra of Mn.8 All of the scores from the enrolled subjects were
significantly (p < 0.05) lower than those from the pool of 41 patients with MGD used in the
training set except for the samples collected one month after azithromycin was stopped (Fig.
4). The average score was in the normal range for the samples collected two weeks after
azithromycin treatment was stopped and after 8 weeks of doxycycline treatment (Fig. 4).
The average scores for the treated samples never reached the levels of 36 donors that never
had dry eye symptoms (Fig. 4).

Measurement of the areas of the infrared amide | and 1l bands and the infrared carbonyl
band due to lipids showed that protein levels were significantly higher in Md compared with
Mn.8 Neither doxycycline treatment or azithromycin treatment affected the amount of
protein (Fig. 5).

1H-NMR analysis of meibum

NMR analysis of meibum showed that the relative intensity of the band at 5.2 ppm assigned
to protons associated with terpenoid double bonds was restored to normal levels after
treatment with both doxycycline, and azithromycin (Fig. 6A).1213 The resonances due to
double bonds in general at 5.4 ppm (Fig. 6B) did not change with doxycycline or
azithromycin treatment.1213 The resonance at 1.26 ppm has been tentatively assigned to —
CHs protons attached with short chain hydrocarbons.12:13 The relative area of this resonance
has been shown to be statistically lower in Md compared with Mn.12:13 Doxycycline
treatment restored the average relative area of the 1.26 ppm resonance to normal levels (Fig.
6C).

The amount of wax was not statistically different for any of the samples measured (p > 0.05)
except for the doxycycline-treated samples whose wax levels were about twice as large as
Mn (Table 6). The ratio of cholesterylester to wax was significantly lower for Md compared
with Mn as previously reported!! and the doxycycline treated samples compared with Md
(Table 6). The ratio of glycerides to wax was not statistically different for any of the samples
measured (p > 0.05, Table 6).

The resonances with chemical shifts above 7 ppm has been assigned to products of lipid
oxidation.13 The sum of the area of all of the resonances above 7 was not statistically
significant for any of the samples.

The resonance at 7.9 ppm has been assigned to lipid hydroperoxides!?13 and was relatively
small, only 0.0046 of the area of the CH, resonance at 1.39 ppm (Table 7). The 7.9 ppm
resonace was statistically higher for the azithromycin and doxycycline treated samples
compared with Md (Table 7).
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DISCUSSION

The major finding of this study is that like topical azithromycin treatment,*2 oral treatment
with doxycycline improved the signs and symptoms of MGD and associated dry eye.
Treatment with the two drugs changed the characteristics and composition of meibum
differently suggesting they have different mechanisms of action.

Tear break up time of patients with MGD improved to normal values after 8 weeks of oral
treatment with doxycycline (Fig. 2). Symptoms of itch and swelling also improved
significantly (Fig. 1A) as did all the other signs (Fig. 1B). Compared to 4 weeks of
azithromycin treatment reported in our previous study,*2 oral doxycycline treatment was
slightly less effective in improving foreign body sensation and the signs of plugging and
secretion (Fig. 1 B and C) and required longer treatment to achieve the effect.

Unlike azithromycin,*2 doxycycline treatment did not improve the degree of meibum lipid
ordering and correlative change in phase transition temperature (Fig. 3). Phase transition
temperature, although not equivalent to melting temperature, is an indication of the fluidity
of the lipid secretion and a lower phase transition temperature would likely be associated
with greater movement of lipid secretion from the duct of the gland to the tear film and
ocular surface.53 A higher content of trans rotomers (higher lipid order) would result in
stronger lipid-lipid interactions. Stronger lipid-lipid interactions could result in a lower
surface pressure which would impede ML spreading on the aqueous tear film surface
causing lowered tear breakup time.30 Bringing the phase transition temperature and lipid
order closer to normal levels was not a requirement for improving the signs and symptoms
of MGD in patients treated with doxycycline.

Another difference between azithromycin and doxycycline treatment and the characteristics
of meibum is that doxycycline improved the PCA scores more effectively than azithromycin
(Fig. 4). The PCA scores were found to be dependent on lipid saturation, order, protein and

CHs groups.”-8 Although azithromycin treatment improved the PCA scores, the scores were
not lowered below normal levels as they were for doxycycline.

The amount of protein in Md is significant and elevated with MGD compared with Mn.8
The amount of protein in meibum has been correlated to lipid order and phase transition
temperature.® It was suggested that as meibum protein was increased with MGD, lipid order
(viscosity) increases lowering the flow of meibum from the meibomian gland to the lid
margin.8 There was no significant change in the total amount of meibum protein in patients
treated with either azithromycin or doxycycline. Howvever, it is possible that minor changes
may occur in specific proteins with either treatment.

1H-NMR studies provided 4 markers of MGD. The area of the resonances at 5.2 and 1.26
ppm, the relative amount cholesterol esters, and the amount of products of lipid oxidation
above 7 ppm are lower in Md compared with Mn.11-13 The resonance at 5.2 ppm has been
tentatively assigned to terpenoids.12:13 The resonance at 1.26 ppm has been tentatively
assigned to short chain CH3 moieties.12-13 Doxycycline treatment restored the relative area
of the 1.26 ppm resonance to normal levels whereas azithromycin treatment had no affect
(Fig. 6). Until the identity of the 1.26 ppm resonance is confirmed little should be said of the
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importance of this resonance to tear film stability. The observation that doxycycline
treatment restored the relative area of the 1.26 ppm resonance to normal levels and
azithromycin had no affect reinforces the idea that the mechanisms of the efficacy of the two
drugs is different. Perhaps the difference between the mechanism of action of azithromycin
and doxycycline on the characteristics of meibum may be related to the properties of
azithromycin to inhibit tissue or bacterial lipases that otherwise degrade the lipid
structure.27:55:56 Doxycycline inhibits matrix metalloproteinases. Further studies to clarify
the mechanism of action of doxycycline and azithromycin are needed.

Products of lipid oxidation were surprisingly lower in Md compared with Mn (Table VII).
Treatment with either azithromycin or doxycycline did not significantly change the total
level of lipid oxidation in meibum. One small resonance at 7.9 ppm, one-tenth the area of
the resonances above 7 ppm was restored to a higher level after treatment with azithromycin
and doxycycline. The resonance at 7.9 ppm has been tentatively assigned to lipid
hydroperoxides. The relevance of this finding will be reserved until the identity of this
resonance is firmly established.

The amount of cholesterylester relative to wax decreased with MGD and treatment with
doxycycline but not with azithromycin (Table 6). Three groups of donors were identified
with a widely distributed relative amount of cholesterylesters. The distribution results in a
large standard deviation associated with the average amount of cholesterylesters for the
three groups.1! Cholesterylesters have little effect on the conformation of waxes.® The
amounts of cholesterylesters were lower with MGD as was tear film stability. In this study
doxycycline treatment significantly lowered the amount of cholestrylesters and yet tear film
stability increased, opposite to the relationship found between tear film stability and the
amount of cholesterylesters with MGD. This suggests that changes in the amount of
cholesterylester do not contribute to changes in tear film stability.

Both doxycycline treatment and azithromycin treatment restored the relative area of the
resonance at 5.2 ppm to normal levels (Fig. 6). The 5.2 ppm resonance in the 1H-NMR
spectra of meibum has been assigned to squalene, but this assignment has not been
confirmed.>’ This resonance could arise from a class of compounds called terpenoids that
contain a =CH proton that is trans to a CH3 moiety.12:13 Carotenoids, a class of terpenoids
such as lycopene and lutein have been found in the eye.#8:59 A carotenoid-like compound
in human meibum has been identified by Raman spectroscopy.# Carotenoids are strong
antioxidants®9 and terpenoids in general protect against many diseases.61-64 Their
concentration is lower in the retina of donors with macular degeneration.®® Future studies
designed to isolate and identify the compounds responsible for the resonance at 5.2 ppm
could provide useful information about the mechanisms by which azithromycin and
doxycycline treatment reduce the signs and symptoms of dry eye. It is interesting that when
carotenoid levels in meibum are low as in MGD, the tear film is unstable and patients have
the signs and symptoms of dry eye. When carotenoids are restored with azithromycin and
doxycycline treatment, tear film stability is restored and patients no longer have the signs
and symptoms of dry eye.
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Conclusion

This work highlights the power of following a clinical trial at the molecular level using
spectroscopic approaches. Through the use of *H-NMR spectroscopy, we could follow the
compositional changes that restored the meibum to a near normal state as the patients
experienced improvement in their symptoms of MGD. As both drugs have antibiotic
properties, it is possible that treatment of MGD could lead to reduction of bacterial induced
inflammation. Both drugs have been shown to have anti-lipase effects and these could
certainly contribute to the observed changes in secretion. Further studies are needed to
clarify the mechanisms of action of both drugs in therapy of MGD. Ideally, a prospective,
randomized, double-masked compar ative effectiveness clinical trial can be conducted to
verify the differences both in clinical response and also in composition and behavior of
meibum with therapy. Greater numbers of subjects would certainly be needed but the more
complicated issue is that of masking of both subject and investigator. A topical placebo
(Durasite vehicle) would be required for simultaneous use in those subjects randomized to
doxycycline and an oral placebo would be required for simultaneous use in those subjects
randomized to topical azithromycin. In addition to verifying the differencesin response time
and meibum character, such a comparative trial might also define which level of severity of
disease would be most responsive to therapy through subset analysis. A further
consideration would be to evaluate through a separate treatment arm of such a comparative
effectivenesstrial the utility of combined therapy of topical azithromycin and concurrent
oral doxycycline therapy.
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Figure 1.

A) Patients with MGD reported global improvement in symptoms in response to 8 weeks of
oral doxycycline therapy. FBS: foreign body sensation, NS: not statistically significant (p >
0.05). Filled bars: Subjects with MGD prior to treatment. Open bars: Patients after 8 weeks
of doxycycline treatment. B) Signs of MGD were improved in patients with MGD in
response to 8 weeks of oral doxycycline therapy. Symptoms were assessed from a
questionnaire. C) Improvement in symptoms after 8 weeks of doxycycline therapy, open
bars, compared with published*2 improvement in symptoms after 4 weeks topical
azithromycin therapy (filled bars). D) Improvement in signs after 8 weeks of doxycycline
therapy, open bars, compared with published*2 improvement in signs after 4 weeks topical
azithromycin therapy (filled bars). * Statistically significant difference, p < 0.05.
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Data from the FTIR spectra of human meibum. Open bars: data are from a published
azithromycin study.*2 Filled bars: data from a larger study.#2 A) Hydrocarbon order of Mn
and Md at 33.4°C was not statistically different in patients after 8 weeks of oral doxycycline
therapy (gray bars) and 1 month after treatment was stopped. More order indicates stiffer
lipids with stronger lipid-lipid interactions. B) The phase transition temperatures of Md and
Mn were not statistically different in patients after 8 weeks of oral doxycycline therapy
(gray bars) and 1 month after treatment was stopped.
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Figure 4.
Data from the FTIR spectra of human meibum. Gray bars: azythromycin study. Filled bars:

data is from a larger published study.42 * statistically significant difference p < 0.05.
Principal Component analysis was used to analyze the CH and OH stretching region from
3612 to 2490 cm~1 and the fingerprint region from 1814 to 676 cm™L. Based on a training
set of 77 infrared spectra from Md and Mn,8 scores were assigned to the spectra. A score
higher than 59 indicates that the infrared spectra is similar to the spectra of Md. A score
lower than 59 indicates that the infrared spectra are similar to the spectra of Mn.8
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Figure 5.
Data from the FTIR spectra of human meibum. Gray bars: azythromycin study. Filled bars:

data is from a larger published study.8 * Statistically significant difference, p < 0.05.
MGD: meibomian gland dysfunction.

Cornea. Author manuscript; available in PMC 2014 August 19.

< Normal

)




1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Foulks et al.

Tear Breakup Time (seconds)

Page 19

10
p=0.0078 |

0 Pre Rx Post Rx

Figure 6.
Data from H-NMR spectra of human meibum. Gray bars: azythromycin study. Filled bars:

data are from a larger published study (labled MGD and Normal).12:13 Open bars:
doxycycline study(labled DCN). A) The resonance at 5.2 ppm has been tentatively assigned
to terpenoids.1213 B) The resonance at 5.4 is assigned to unconjugated =CH protons. C) The
resonance at 1.26 ppm has been tentatively assigned to short chain CH3 moieties.12-13
*Statistically significant difference, p < 0.05.
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Table |

Subject demographics

Azithromycin Study

N=22

Age: 64 years mean (z 3 yr) [range 33 — 83 years]
Sex: 12 male 10 female

Race: 20 caucasian 1 african-american 1 asian
Doxycycline Study

N=9

Age: 68 years mean (+ 12 yr) [range45 — 87 years]
Sex: All male

Race: All caucasian
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Grading of clinical symptoms

Table Il

Symptom
Itching
FBS
Dryness
Burning

Swelling

Grade 0
none
none
none
none

none

Grade 1

awareness
awareness
awareness
awareness

noticeable

Grade 2
desire to rub
desire to rub
need for drop
need to rub

obvious

Grade 3
frequent rub
desire to close lid
frequent drops
frequent rub

decrease in aperture
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Table llI
Grading of clinical signs

Sign Grade 0 Grade 1 Grade 2 Grade 3
Conjunctival redness  none pink light red bright red
Lid margin debris none 1-5 crusts 6-10 crusts >10 crusts
Lid margin redness none pink light red bright red
MG expression touch light pressure moderate pressure occluded
MG secretion clear turbid turbid with clumps solid paste

MG plugging
TBUT

Number of plugged orifices within the central 10 glands of lower lid

Number of seconds to first breakup following complete blink
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Table IV
Global Response to Therapy

Global Clinical Results

azithromycin den
Enrolled pts 27 7
Completed Rx 23 4
Intolerant of Rx
Stinging 2
Nausea 2
Lost to f/u 1 1

Global response (subject assessment, eyes):

Resolved 10 2

Improved 31 4

No change 2 2
p< 0.001
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Table VI

Meibum Lipid Composition

Page 25

Sample Pool

Resonance Area
ratio
Wax ester/CH,

Resonance Area ratio
Cholesterylester/Wax

Resonance Area
ratio
Glycerides/Wax

Normal (Mn)&

0.026 +0.003, n =32

0.28 £0.04, n =26

0.37 £0.06, n =40

MGD enrolled

0.021 +£0.005,n =10

0.21+0.07,n=12

0.45+0.10,n=12

MGD (Md)2

0.026 £0.003, n =39

0.17 £0.02, n = 47

0.39 £0.04, n =46

MGD treated 2 to 4 weeks with azithromycin

0.032£0.011,n =22

0.10 £0.028, n =23

0.62+0.07,n=23

MGD 2 to 4 weeks After treatment with azithromycin was stopped

0.011+£0.016,n=8

0.19+0.08,n=7

0.52+0.09,n=7

MGD treated 4 to 8 weeks with Doxycycline

0.053 +£0.013,n=11

0.05+0.02,n=10

0.45+0.069, n =11

Normal vs MGD (p)

0.97

0.0098"

0.078

Doxycycline treated vs MGD (p)

0.004"

0.012"

0.53

aPreviously reported.ll

*
Statistically significant, p < 0.05.
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Table VI

Meibum Lipid Oxidation

Sample Pool

Resonance Area ratio
7.9 ppm/CH,

Resonance Area ratio
Above 7 ppm/CH,

Normal@

0.0097 +0.0016, n = 26

0.107 £0.011,n =37

MGD enrolled

0.0046 +£0.001, n =12

0.042 £0.019,n=12

MGDP

0.0066 + 0.00044, n = 48

0.039 £ 0.0065, n = 51

MGD treated 2 to 4 weeks with azithromycin

0.020 +0.0046, n = 24

0.024 +£0.0047, n =23

MGD 2 to 4 weeks after treatment with azithromycin was stopped

0.011+£0.002,n=8

0.026 £0.007,n=8

MGD treated 4 to 8 weeks with doxycycline

0.040+£0.011,n=9

0.051+0.014,n=9

Normal vs MGD (p) 0.021* 0.001*
Doxycycline treated vs MGD (p) <0.0001* 0.47
Azithromycin treated vs MGD (p) <0.0001" 0.15

aPreviously reported.13

*
Statistically significant, p < 0.05.
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